In this paper a comparison of the chemical composition and antimicrobial action of the ethanol extracts from the flower, leaf and stem of the herbal species Salvia officinalis L. (Lamiaceae), originating from the southeast region of Serbia was carried out. The chemical composition of the extracts was determined by GC-FID and GC-MS analyses. Manool has the highest level of all the components (9.0-11.1 %). Antimicrobial activity was determined by the diffusion and dilution method, whereby the latter one was modified by use of cellulose discs, and it was applied for the determination of the minimal inhibitory (MIC) and minimal lethal concentrations (MLC). The leaf extract has a stronger antimicrobial activity than those of the flower and stem.
INTRODUCTION
Salvia is a large and polymorphous genus of the family Lamiaceae, comprising about 900 species with almost cosmopolitan dissemination. 1 The Flora of Serbia comprises 14 species of this genus. 2 Aspecial position among them has the herbal species S. officinalis L. The content of some components varies depending on the locality, extraction procedures and extracting agents. The prevailing components in the extract obtained by ultrasound extraction 3 were alpha-thujone (48.4 %) and camphor (14.2 %), in the methylene chloride extract 4 were alpha-thujone (15.7-59.3 %), 1,8-cineole (10.9-43.1 %) and beta-thujone (4.9-25.8 %), whereas 1,8-cineole was the dominant component in the SF extract 5 (54.4 %).
Some components of the extracts and the essential oils of S. officinalis have antimicrobial activity. Linalyl acetate and terpineol have the greatest power of bacterial inhibi-tion. 6 Antifungal action of alpha-bisabolol, farnesol, anethole, carvacrol has been proved. 7 Salvin from acetone extract of the dried flowers is effective against Staphylococcus aureus. 8 In this work a comparison of the chemical composition and antimicrobial action of the extracts from the flower, leaf and stem of Salvia officinalis L. was carried out.
was placed into the center of an 86 mm internal diameter Petri dish. Following 2 h prediffusion at +4 ºC, the incubation was carried out for 24 h at 37 ºC for bacteria and 48 h at 26 ºC for fungi. The initial number of micro-organisms in the suspension was detemined after thermostating the medium for the total bacterial count during 24 h at 37 ºC mixed with 1 mL of 10 4 -fold diluted suspension.
Dilution method: From the suspension of micro-organism, formed with 10 mL 0.9 % NaCl and 24 h culture on oblique agar, the inoculum was made by introducing 0.1 mL of the suspension into 9.9 mL Medium 3 (for bacteria), Tripton soya broth (for C. albicans and A. niger) and Sabouraud liquid medium (for S. cerevisiae). Onto 12.7 mm diameter sterile cellulose discs (Schleicher & Shuell, Dassel, Germany), the following quantities were applied by micropipette: 2, 4, 6, 8, 10, 12, 14, 18, 20, 25, 30, 40, 50, 60 mL of the extracts for B. subtilis, S. aureus, S. lutea, C. albicans, A. niger; 40, 50, 60, 80, 100, 120, 140, 160, 180, 200 mLof the extracts for E. coli, S. enteritidis, P. aeruginosa, S. cerevisiae, which were submerged into sterile test tubes with 0.5 mL of the suitable medium, followed by the addition of 1 mL of the inoculum. The incubation was carried out at 37 ºC for bacteria and at 26 ºC for fungi. 1 mL of inoculum dilution 10 -4 was overspread with the medium for the total bacterial count, which was used for the determination of the initial number of micro-organisms in the inoculum after thermostating for 24 h at 37 ºC. The changes in the clarity of the inoculum in the test tubes were monitored during 3 days. Re-inoculation was carried out from individual test tubes onto the medium for the total bacterial count as well as for the introduction of inoculum by loopfool onto selective media (determination of MIC and MLC).
RESULTS AND DISCUSSION
The obtained yields of the dry extracts were 3.5 % (flower), 3.1 % (leaf) and 1.2 % (stem). The results of GC-FID and GC-MS analyses of the ethanol extracts of S. officinalis from the flower, leaf and stem are presented in Table I . The number of identified components in the examined extracts are 60, 61 and 44, respectively. Manool was the major component (9.0-11.1 %). The examined extracts contain all the specific components defining the chromatograph profile 12 of the essential oil of S. officinalis: alpha-pinene, camphene, limonene, 1,8-cineole, linalool, cis-and trans-thujone, camphor, bornyl acetate and alpha-humulene. Comparing the contents of each part of the plant separately, the flower has the highest level of alpha-pinene and 1,8-cineole. Camphene, limonene, cis-thujone, trans-thujone, camphor, bornyl acetate and alpha-humulene are most present in the leaf extract. Linalool is most present in the stem extract. The other identified components present in higher percentage are: n-pentacosane (8.3 % in the stem extract), (E)-caryophyllene (5.3 % in the leaf extract and 4.7 % in the flower extract), trans-ferruginol (4.8 % in the flower extract and 1.1 % in the stem extract), cis-ferruginol (4.4 % in the flower extract) and viridiflorol (3.7 % in the leaf extract, 3.6 % in the flower extract and 2.7 % in the stem extract).
The similarity of the chemical composition between the sage from the Si}eva~ka Klisura gorge and from other localities can be discerned. [3] [4] [5] 13 Components like menthone, neomenthol, menthol, spathulenol and others are present in the extract of sage originating from all the localities except the Si}eva~ka Klisura gorge. Also, there is a similarity in the composition of the extracts and the essential oils from the same localities. 14, 15 The results of the examined antimicrobical activities of the extract obtained from the flower, leaf and stem of S. officinalis by the diffusion method are shown in Table II . The leaf extract showed significantly higher antimicrobial activity compared to the other extracts. The antimicrobial activity of the extract against E. coli, S. enteritidis, P. aeruginosa, C. albicans and S. cerevisiae is not discerned. The MIC and MLC values (mL of extract/mL EXTRACTS FROM Salvia officinalis L. of inoculum) of the S. officinalis extracts are shown in Table III . The stem extract shows the highest activity to C. albicans, followed by the flower and then the leaf extract. Regarding E. coli, S. enteritidis, P. aeruginosa and S. cerevisiae, a larger quantity of the extract was needed to achieve antimicrobial effects. The extracts show stronger antibacterial activity than the essential oils of sage from the same locality. However, more extract is required for antifungal activity to be realized. 14 
CONCLUSIONS
The examined extracts contain all the specific components defining the chromatograph profile of the essential oil. There is a similarity of the chemical composition with that of essential oils.
The leaf extract showed significantly higher antimicrobial activity compared to the other extracts as determined by the diffusion and dilution methods. The stem extract showed the highest activity to C. albicans, followed by the flower and then the leaf extracts (the dilution method is more precise). Regarding E. coli, S. enteritidis, P. aeruginosa and S. cerevisiae, a larger quantity of the extract is needed to achieve antimicrobial effects. Ispitan je hemijski sastav i antimikrobno dejstvo etanolnih ekstrakata cveta, lista i stabqike biqne vrste Salvia officinalis L., poreklom iz jugoisto~ne Srbije. Ispitivani ekstrakti sadr`e sve karakteristi~ne komponente koje odre|uju hromatografski profil etarskog uqa S. officinalis prema Nacrtu me|unarodnog standarda ISO/DIS 11024, dok je komponenta sa najve}im udelom u svim ekstraktima manool (diterpen) (9,0-11,1 %). Antimikrobna aktivnost je odre|ena difuzionom i dilucionom metodom, pri~emu je druga modifikovana upotrebom celuloznih diskova. Ekstrakt lista ima ne{to ve}u antimikrobnu aktivnost od ekstrakata cveta i stabqike. (Primqeno 19. avgusta 2002) 
